Abstract
phase. In order to achieve this, most recipes include a thermal annealing step to promote the 27 crystallization of perovskite. In addition to the thermal annealing, a significant percentage of 28 high-efficiency devices were obtained using protocols that involve a solvent exchange process 29 ( fig. S1 ). An antisolvent, with solubility properties orthogonal to the precursor solvent, is added 30 to the wet film, which leads to a rapid supersaturation of the precursor solution and consequently 31 to a rapid precipitation of crystalline perovskite. The films made using this so-called "antisolvent 32 method" exhibit a morphology distinct from purely thermally annealed samples and typically 33 show better device performance.
1-3 Antisolvent annealing has been used in combination with 34 spin coating as well as blade coating. 4 It is commonly observed that the timing of antisolvent 35 deposition is critical.
2,4

36
However, despite the popularity of this method, the fundamental differences in the conversion 37 and crystallization mechanisms compared to purely thermal annealing remain unclear. We In an inert helium atmosphere, precursor ink is deposited onto a glass substrate and is spread out measured by interferometry is about 1.5 to 4 µm, which we ascribe to the presence of solvent-101 rich amorphous phases. The final thickness of all films after thermal annealing was about 1 µm.
102
We hypothesize that the onset time and rate of the formation of the crystalline intermediate are flower-like domains (DMSO). As mentioned above, the purpose of antisolvent annealing is to 114 avoid the formation of these morphologies in favor of a smooth film of relatively small grains.
115
In the next step, we explore how the addition of antisolvent at various drip times changes the We find that the optimum time for antisolvent dripping is bound by solvent evaporation towards XRD and UV-vis spectroscopy (figs. S19, S20).
145
In conclusion, this study provided insight into the underlying mechanisms that govern the timing 
161
About 25 µl solution was used per film. About 2 ml of chlorobenzene were added quickly using 162 a remote controlled syringe pump. Directly after completion of the antisolvent deposition, the 163 film was blow-dried using a helium nozzle operated at a flow rate of 100 cm³/s for 5 s.
164
In situ XRD: The blade coater was mounted on beamline 7-2 at the Stanford Synchrotron
165
Radiation Lightsource (SSRL). The X-ray energy was set to 12.5 keV. The incident angle was the beam was scanned across the sample after the in-situ experiment.
171
The data was analyzed using self-written routines based on the pyFAI and pygix modules 33, 34 .
172
The relative phase fractions were obtained from the most prominent diffraction peak of the 173 corresponding species. designed the in-situ blade coating device. All authors contributed to writing the manuscript.
190
Conflicts of Interest
191
There are no conflicts to declare. 
